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LOX，また 5 位を酸化する酵素は 5 -LOXと呼ばれ





























































































































































































































a 供 試 材 料
ウンシュウ（Citrus unshiu）とヒラドブンタン
近畿中国四国農業研究センター研究報告　第 5号（2005）22


















































































をFig. Ⅱ- 2 に示す．また，分離状態に関して，




Eriocitrin (ECR):  R=rutinose, R1=OH, R2=H 
Neoeriocitrin (NER):  R=neohesperidose, R1=OH, R2=H 
Narirutin (NRT):  R=rutinose, R1=R2=H 
Naringin (NRG):  R=neohesperidose, R1=R2=H 
Hesperidin (HSP):  R=rutinose, R1=OH, R2=Me 
Neohesperidin (NHP):   R=neohesperidose, R1=OH, R2=Me 
Neoponcirin (NPO): R=rutinose, R1=H, R2=Me 
Poncirin (PON):  R=neohesperidose, R1=H, R2=Me 








Isorhoifolin (IRF):  R=rutinose, R1=R2=H 
Rhoifolin (RFN):  R=neohesperidose, R1=R2=H 
Diosmin (DSM):  R=rutinose, R1=OH, R2=Me 
Neodiosmin (NDM):  R= neohesperidose, R1=OH, R2=Me, 
Luteolin (LTN):  R=H, R1=OH, R2=H 
Apigenin (APG):  R=R1=R2=H 
Diosmetin (DMT):  R=H, R1=OH, R2=Me 







Sinensetin (SNT):  R=H, R1=OMe 









Robinetin (RBT):  R=H, R1=OH, R2=H, R3=OH, R4=H 
Rutin (RTN):  R=H, R1=OH, R2=R3=H, R4=rutinose 
Quercetin (QCT):  R=H, R1=OH, R2=R3=R4=H 
Kaempferol (KFR):  R=R1=R2=R3=R4=H 
Isorhamnetin (IRA):  R=H, R1=OMe, R2=R3=R4=H 













k' ＝（tR-t 0）/t 0 , α= k' 2/k' 1
ここで，tR＝成分の保持時間，t0＝保持されない
溶媒ピークの出現時間，k' 2＝成分 2 のキャパシテ


















に十分な程度に分離した（Fig. Ⅱ- 1 ）．
スタンダードの溶出順は，RTNがHSPの直後に
溶出することを除き，DaigleとConkertonの報告38）

























































































17.59 ± 0.05 
19.85 ± 0.05 
21.81 ± 0.07 
25.97 ± 0.07 
28.81 ± 0.07 
30.81 ± 0.07 
32.09 ± 0.08 
34.95 ± 0.08 
37.33 ± 0.08 
40.27 ± 0.08 
43.17 ± 0.07 
46.11 ± 0.06 
54.64 ± 0.06 
56.32 ± 0.10 
57.65 ± 0.06 
62.93 ± 0.06 
70.02 ± 0.02 
71.55 ± 0.06 
72.01 ± 0.08 
73.25 ± 0.04 
76.51 ± 0.03 
77.28 ± 0.05 
77.84 ± 0.06 





































253, 268, 345 








252, 268, 347 
256 
282 
240, 265, 326 
269, 301, 329 
271, 322

























No. Systematic name α λmaxb  R ± S.D.at k　'Common name
Table Ⅱ-1 Retention times (t R), capacity factors (k' ), relative retentions (α) and UV absorbance maxima (λmax) of the
flavonoids investigated
a Mean values and standard deviations of retention times for five replications.
b Measured in the eluate, the composition of which varies with t R










































































Fig. Ⅱ-2 Separation profiles of flavonoid standards.






























































































































































































No. Compound r b（x106） a a （x103） ab No. Compound r b（x106） a a （x103） ab No. Compound r b（x106） a a （x103） ab
Table Ⅱ-2 Relationships between flavonoid levels and peak areas of flavonoids investigated
a Coefficients of the regression equation y = ax + b, where x is flavonoid concentration (ppm) and y is peak area for concentra-
tions ranging from 10 to 100 ppm.





102.7 ± 2.2 
98.2 ± 3.9 
98.2 ± 3.9 
102.3 ± 3.1
101.9 ± 2.3 
98.5 ± 4.1 
98.5 ± 4.1 
99.7 ± 2.9
102.8 ± 2.5 
96.9 ± 3.8 
104.9 ± 6.0 
103.0 ± 3.3
102.5 ± 2.4 
97.5 ± 3.7 




albedo juice vesicle albedo juice vesicle
Mean recovery ± S.D.  （%） a
Table Ⅱ-3 Recoveries of eriocitrin, naringin, hesperidin and tangeretin from albedo and juice samples of Satsuma 
(C. unshiu) and Hirado buntan (C. grandis cv. Hirado)
For operating conditions, see text.


























































































































































































































































































































Table Ⅱ-4 Contents of flavonoids in flavedo, albedo, segment membrane, juice vesicle, and leaf samples of Satsuma
and Hirado buntan
a Mean values for four replications.
b -, not detected.




















































フラボノイドはフラバノン 8 種，フラボン 9 種，
このうちPMF 4 種の計17種を測定した．これらの




















のをTable Ⅱ- 5 に示す．また，定量分析の結果を
Table Ⅱ- 6 ～Ⅱ-11に示す．部位による含量差はあ
るものの，同一種の各部位における組成は果肉を除
いて概ね共通した．アルベドにおける含量（Table





































Eriocitrin (ERC) :  R=rutinose, R1=OH, R2=H 
Neoeriocitrin (NER):  R=neohesperidose, R1=OH, R2=H 
Narirutin (NRT):  R=rutinose, R1=R2=H 
Naringin (NRG):  R=neohesperidose, R1=R2=H 
Hesperidin (HSP):  R=rutinose, R1=OH, R2=Me 
Neohesperidin (NHP):  R=neohesperidose, R1=OH, R2=Me 
Neoponcirin (NPO):  R=rutinose, R1=H, R2=Me 






Rutin (RTN):   R=H, R1=OH, R2=H, R3= O-rutinose 
Isorhoifolin (IRF):  R=rutinose, R1=R2=R3=H 
Rhoifolin (RFN):  R=neohesperidose, R1=R2=R3=H 
Diosmin (DSM):  R=rutinose, R1=OH, R2=Me, R3=H 







Sinensetin (SNT):  R=H, R1=OMe, R2=H 
Nobiletin (NOB):  R=R1=OMe, R2=H 
Tangeretin (TNG):  R=OMe, R1=R2=H 










Fig. Ⅱ-3 Structures of flavonoids investigated.
Poncirus






































































































































   Papeda
         Acutifolia
         Obtusifolia
         Longipetiolata
   Limonellus
         Eulimonellus
         Megacarpa
         Pseudopapeda
   Citrophorum
         Citroides
         Limonioides
         Decumanoides
   Cephacitrus
         Decumana
   Intermedia
         Flavicarpa
         Aureocarpa
   Aurantium
         Medioglobosa
         Aurantioides
               Racemosa
               Contracta
         Sinensoides
         Osmocitroides
               Tenuicarpa
               Compacta
               Paranobilis
Citrus-Metacitrus
   Osmocitrus
         Protosmocitrus
         Euosmocitroides
         Pseudoacrumen
Acrumen
         Euacrumen
         Microacrumen
               Anisodora
               Citroidora Megacarpa
                              Microcarpa Angustifolia
                                               Latifolia

















    
Hirado buntan 
Shaten yu 


























































C. grandis cv. Hirado







C. sinensis cv. Valencia



























Table Ⅱ-5 Classification of citrus plants investigated for flavonoid content a
a The classification and the nomenclature of Citrus plants were based on Tanaka's system.













































































































































































































































































































228   
0.0  
495
1170   
363  
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157   
84.0  
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134   
22.0  
218   
315   
14.8  
138
172   
179   






















































Table Ⅱ-6 Flavonoid contents in flavedo tissue of citrus fruits







































































































































































































1210   
27.9  
118   
370
376   
244   
1290  
205   
169  
240   
659   











186   
100   
30.0  
647   
343   
307   













2700   
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1070   
0.0  
2300
2740   
1280
446   









1870   
4970
2870   
2560   
2940   






































































































































































































































































































































































































































































































































































Table Ⅱ-7 Flavonoid contents in albedo tissue of citrus fruits
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1210   
1.2  
1310   
1.4  
711















192   
38.9  
210










749   
1190  
2120
1480   
1040   
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13.5  
36.7  































































































































































































































































































































































































































































Table Ⅱ-8 Flavonoid contents in peel tissue of citrus fruits









































































































































































































244   
333  
357  
157   
1920   
121   
26.5  
123   
515   












121   
3.6  
198   
204
716   












670   
1130   
310  
































116   
502   
0.0  
1.8  
952   
9.3  
479   








149   
0.0  
1100   
1010   
668   
198   





423   
466   
288   
439  
1340   
831   
669   




811   
1080   
337   
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0.0  












































































































































































































































































































































































































































































































































Table Ⅱ-9 Flavonoid contents in segment membrane tissue of citrus fruits








































































































































































































































































































174   
55.3  
27.4  
















































































































































































































































































































































































































































































































































































Table Ⅱ-10 Flavonoid contents in juice vesicle tissue of citrus fruits
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17.0  
166
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642






















































































































































































































































































































































































































































































































































































Table Ⅱ-11 Flavonoid contents in citrus fruits
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172   
270   
403   
1910   
527   
1260   
442   
155   
1300   
258   
138   
82.3  
3550   
1040   
364   
104   
241   
839   
2750   
1770   
1650   
768   
590   
430   
1850   
1270   
622   
724   
360   
379   
233   
274  
786   
432   
2040   
2590   
1770   
4.9  
1100   
876   
1040   
1420   
414   
3600   
987   
1030   
1360   
2430   
4030   
2490   
3240   
1680   
764   
2620   
772   
730   
811   
2300   
2690   
1440   
626   
1330   
1930   
5150   
2600   
3390   
3010   
1320   
1734   
2780   
2110   
1600   
2210   
544   
347   
223   
3500  
1720   
521   
0.0  
612   
975   
10.2  
629   
588   
483   
1130   
676   
1580   
575   
1260   
1220   
948   
1510   
1450   
1450   
1050   
414   
2810   
304   
83.4  
280   
1000   
748   
478   
318   
454   
1540   
988   
1290   
677   
749   
403   
653   
873   
1260   
345   
402   
326   
822   
377   
4300  
1010   
47.6  
110   
3580   
8.9  
26.7  




187   
1810   
194   
354   
429   
245   
1490   
176   
230   
309   
198   
864   
766   
334   
81.0  













280   
21.1  
334   
610   
685   
484   
1490  
954   
213   
439   
2580   
894   
9.8  
469   
281   
265   
628   
302   
1870   
438   
613   
653   
936   
2180   
1200   
866   
667   
368   
1860   
411   
300   
279   
988   
562   
312   
256   
264   
682   
674   
703   
750   
579   
346   
431   
782   
810   
422   
459   
480   
451   
318   
2860  
458   
75.1  
119   
314   












185   
149   
122   
87.8  
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121   
278   
61.8  
470   
922   
370   
586   
106   
433   
332   
341   
319   
226   
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45.7  
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4.9  
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29.8  
48.3  


















































































































































































































































































































































































































Table Ⅱ-12 Flavanone and flavone contents in each tissue and fruit
mg/100 g fresh weight. Number in parenthesis represents the order of concentration of flavonoid in fruit tissues.
Fig. Ⅱ-4 Classification of Citrus species by inclusion pattern of seven flavonoids in albedo tissue. Species containing
not less than 1 mg/100 g for each flavonoid was judged as positive except NRG and HSP, both of which
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Fig. Ⅱ-5 Scatter diagram from a principal component analysis based on the concentration of flavonoids in flavedo tis-
sue (a) and zoom of the plot (b). Symbols: ▽, Papeda (Ⅰ); △, Limonellus (Ⅱ); ◇, Citrophorum (Ⅲ); ○,
Cephacitrus (Ⅳ); □, Aurantium (Ⅴ); ■, Osmocitrus (Ⅵ); ◆, Acrumen (Ⅶ); ●, Pseudofortunella (Ⅷ); ▲, For-
tunella (102); ▼, Poncirus (103).
ツ（＃42），カラタチ（＃45）が他区，あるいは同
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Fig. Ⅱ-6 Scatter diagram from a principal component analysis based on the concentration of flavonoids in albedo tis-
sue (a) and zoom of the plot (b). Symbols: ▽, Papeda (Ⅰ); △, Limonellus (Ⅱ); ◇, Citrophorum (Ⅲ); ○,
Cephacitrus (Ⅳ); □, Aurantium (Ⅴ); ■, Osmocitrus (Ⅵ); ◆, Acrumen (Ⅶ); ●, Pseudofortunella (Ⅷ); ▲, For-



















-3 -2 -1 0 1 2 3 4 5 















1st Principal Component 
1   
0.5 
0   
-0.5 
-1   
-1.5 
-2   




























18 30 29 
6 
19 

















































Fig. Ⅱ-7 Scatter diagram from a principal component analysis based on the concentration of flavonoids in peel tissue
(a) and zoom of the plot (b). Symbols: ▽, Papeda (Ⅰ); △, Limonellus (Ⅱ); ◇, Citrophorum (Ⅲ); ○, Cephac-
itrus (Ⅳ); □, Aurantium (Ⅴ); ■, Osmocitrus (Ⅵ); ◆, Acrumen (Ⅶ); ●, Pseudofortunella (Ⅷ); ▲, Fortunella
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Fig. Ⅱ-8 Scatter diagram from a principal component analysis based on the concentration of flavonoids in segment
membrane tissue (a) and zoom of the plot (b). Symbols: ▽, Papeda (Ⅰ); △, Limonellus (Ⅱ); ◇, Citrophorum
(Ⅲ); ○, Cephacitrus (Ⅳ); □, Aurantium (Ⅴ); ■, Osmocitrus (Ⅵ); ◆, Acrumen (Ⅶ); ●, Pseudofortunella (Ⅷ);







類似し（Fig. Ⅱ- 7 ），じょうのう膜では，ザボン区
（Ⅳ），ユズ区（Ⅵ），シトロン区（Ⅲ）の各種が他
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Fig. Ⅱ-9 Scatter diagram from a principal component analysis based on the concentration of flavonoids in juice vesi-
cle tissue (a) and zoom of the plot (b). Symbols: ▽, Papeda (Ⅰ); △, Limonellus (Ⅱ); ◇, Citrophorum (Ⅲ); ○,
Cephacitrus (Ⅳ); □, Aurantium (Ⅴ); ■, Osmocitrus (Ⅵ); ◆, Acrumen (Ⅶ); ●, Pseudofortunella (Ⅷ); ▲, For-
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Fig. Ⅱ-10 Scatter diagram from a principal component analysis based on the concentration of flavonoids in fruit (a)
and zoom of the plot (b). Symbols: ▽, Papeda (Ⅰ); △, Limonellus (Ⅱ); ◇, Citrophorum (Ⅲ); ○, Cephacitrus































































































































































Fig. Ⅱ-11 Dendrogram calculated using the UPGMA based on the concentration of flavonoids in Citrus fruits. Roman
numerals and numbers in parentheses indicate Tanaka's categorical number. For the identification of num-







品種の判別に関して，Fig. Ⅱ- 5 ～10の散布状態
から，1つの散布図を基にして品種判別を行うこと




の主成分データや，例えばFig. Ⅱ- 8 のじょうのう
膜等，他の部位の主成分データを併用して検討する
必要があった．一方，アルベドのフラボノイド組成
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Fig. Ⅱ-12 Scatter diagram from a principal component analysis based on the concentration of flavonoids in albedo



















































媒は次の 3 種類を用いた．1 ）シクロヘキサン-酢

































































































































Nomilin: R = OAc 









Nomilinic acid: R = OAc 
Deacetylnomilinic acid: R = OH 












































































Fig. Ⅱ-14 High-performance liquid chromatograms
of acetone and dichloromethane extract (a)
and water extract (b) from Iyo tangor
seeds. Peaks in (a): limonin, A; deacetyl-
nomilin, B; nomilin, C; obacunone, D. Peaks
in (b): 17-β-D-glucopyranoside of limonin,
1; deacetylnomilin, 2; nomilin, 3; nomilinic





























































































































Table Ⅱ-15 Limonoid aglycones and glucosides in seeds of Iyokan, Shiikuwasha, and Hanaju






































































































































a 供 試 材 料
果実は果樹研究所カンキツ部で栽培された45種の
適熟果実 5 ～15個を採集した．内訳は，Ⅱ- 3 でフ





［ 1 -14 C］アラキドン酸および［ 3 H］TXB 2は






































用の緩衝液として，25mM Tris, 130 mM NaCl, 1
































































TXA 2 TXB 2 
Arachdonic acid 
cyclooxygenase 
5-HPETE 5-HETE 15-HETE 15-HPETE 




LTC 4 LTD 4 LTE 4 
5-lipoxygenase 
12-HPETE 
Hepixylin A Hepoxylin B 12-HETH 12-keto-ETE 
TRioxylin A TRioxylin B 12,20-diHETE 



























Fig. Ⅲ-2 Dose-response curves of the albedo extract of (a) Lumie (C. lumia) and (b) Ponkan (C. reticulata) for cyclooxy-
genase (○) and lipoxygenase (●) in platelets. Platelet cyclooxygenase activity was assayed by measuring
the formation of TXB2 from [1-14 C]arachidonic acid. Platelet lipoxygenase activity was assayed by measur-























いタイプの 4 種類に分けられた．Fig. Ⅲ- 3 に抽出
物100µ/mL当たりのTXB 2および12-HETEの生
成量比を示す．ベルガモット（＃ 4 ），シトロン区





























られた．Fig. Ⅲ- 3 において，同一区で阻害パター
ンの類似するものを囲った．例外としては，シトロ














された（Fig. Ⅱ- 4 およびFig. Ⅱ- 5 ，Table Ⅱ- 6 お


























































































 cv. Shytian you 
 cv. Valencia 















































































































































































































   Papeda
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      Obtusifolia
      Longipetiolata
   Limonellus
      Eulimonellus
　 
      Megacarpa
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Table Ⅲ-1 Inhibitory activities of albedo extracts of citrus plants against platelet cyclooxygenase and lipoxygenase
activitiesa
a Values for lipoxygenase were measured as 12-HETE formation from [1-14 C]arachidonic acid; those for cyclooxygenase were
measured as thromboxane B2 formation from [1-14 C]arachidonic acid.
b The classification and the nomenclature of Citrus plants were based on Tanaka's system.
c Values were average of three replications.
















































































Fig. Ⅲ-3 Correlation between the classification of citrus plants and the influences of their albedo extracts on the for-
mation of TXB2 and12-HETE. Values were percent formation versus control of TXB2 and12-HETE in the
presence of each extract at 100µ/ml (mean of three replications). For the identity of numbers, see Table
Ⅲ-1. Encircled numbers showed similar levels of influence on each other among the same group based on
Tanaka's classification system.





49.0 ± 6.7 
53.1 ± 6.9 
42.3 ± 6.4 
54.3 ± 6.8
56.5 ± 7.3 
54.6 ± 7.0 
13.9 ± 3.9 
34.5 ± 6.2
Inhibition（%） a
Lumie（cyclooxygenase） b Ponkan（lipoxygenase） c
59.5 ± 4.9 
56.8 ± 4.5 
47.8 ± 4.8 
nd d
58.0 ± 4.1 
56.5 ± 4.3 
29.4 ± 3.8 
nd
Table Ⅲ-2 Effects of tissue type and ripeness of Lumie (C. lumia) and Ponkan (C. reticulata) on the inhibitory activity
of extracts on platelet cyclooxygenase and lipoxygenase
a Values were percent formations versus control of TXB2 or 12-HETE in the presence of each extract at 100 µ/ml.
b Mean ± SE weights of unripe and ripe Lumie were 38.4 ± 2.6 and 51.8 ± 4.1 g, respectively.
c Mean ± SE weights of unripe and ripe Ponkan were 41.7 ± 4.9 and 109.6 ± 6.6 g, respectively.


















































し，4 ℃で 1 時間遠心分離（100,000xg）後，上清































































ed HMQC（heteronuclear multiple quantum
coherece），HMBC（heteronuclear multiple bond
connec t iv i ty ）のスペクトルを基に決定した








































H2eq, H2ax, H5 
H2eq, H2ax, H4, H5, H6 
H6 
 




H5', H7', H8' 
H6', H7' 
OCH3, H5' 









H5", H7", H8" 
H6", H7" 
H5" 
H2", H5", H6" 
H6" 
H2", H5", H7" 
H2", H6" 
 
H5, H7", H8" 
 


































2.10, 2.33 （each 1H, ） 
4.36 （1H, ） 








7.14（1H, , 1.9Hz） 
 
 
6.79（1H, , 8.2 Hz） 
7.05（1H, , 8.1, 1.8 Hz） 
7.66（1H, , 15.9 Hz） 






7.01（1H, , 1.9 Hz） 
 
 
6.76（1H, , 8.3 Hz） 
6.91（1H,  8.2, 1.9 Hz） 
7.51（1H, , 15.9 Hz） 




















Table Ⅲ-3 1H and 13C NMR spectral data for (2) in (CD3OD)















ら，化合物sの構造は，4 -O-フェルロイル- 5 -O-カ




の構造は，4 -O-フェルロイル- 5 -O-カフェオイルキ




















































































Fig. Ⅲ-4 Structures of inhibitory compounds against

























































精製した化合物を 2 M TFA水溶液に溶解し，
120℃で75分間加水分解した．遊離した単糖は，ダ































Fig. Ⅲ-5 Dose-response curves of purified caf-
feoylquinic acid derivatives and caffeic acid
for platelet 12-lipoxygenase. Activities were
assayed by measuring the formation of 12-
HETE from [1-14C]arachidonic acid. Values
were the mean ± SE of four replications.
Symbols: ○, methyl-4-O-feruloyl-5-O-caf-
feoylquinate; ●, 4-O-feruloy-5-O-caffeoyl-
































のケミカルシフト値をTable Ⅲ- 4 に示す．フラバ
ノンに特徴的なケミカルシフト値である 1H NMR
スペクトルの2.77（ 1 H，dd），3.12（ 1 H，dd），
および5.35（ 2 H，dd），そして13C NMRスペクト
ルの44.2（C- 3 ）および80.7（C- 2 ）が観察された
92）．1H NMRスペクトルにおける6.79（ 2 H，s，H-
5 'およびH- 6 '）および6.93（ 1 H，s，H- 2 '）のシ
グナル，および13C NMRスペクトルにおける114.8
（C- 2 '），116.3（C- 5 '），および119.3（C- 6 '）の
各シグナルは，3 ' 4 '-ジヒドロキシフェニル基の存
在を意味した93）．また，個々の1Hおよび13Cシグナ






















ぞれEDC，ホモエリオジクチオール（ 5, 7, 4 '-トリ
ヒドロキシ 3 '-メトキシフラバノン），およびヘスペ

































Fig. Ⅲ-6 Extraction and isolation of inhibitory com-
pounds against platelet lipoxygenase from






































5.35 （dd, 13.2, 2.3） 
2.77 （dd, 17.1, 7.3） 
3.12 （dd, 17.1, 13.5） 
 
 
6.18 （d, 2.4） 
 







6.79 （s, br） 
6.79 （s, br） 
 
 












































5.28 （dd, 13.0, 2.9） 
2.70 （dd, 17.3, 7.4） 
3.07 （dd, 17.4, 13.2） 
 
 
5.88 （d, 2.0） 
 







6.78 （s, br） 















































1H 13C 1H 13C









































ECRを含有しない（Table Ⅱ- 8 ）が12-LOX阻害










































0.01 0.1 1 10 100 1000
Fig. Ⅲ-7 Dose-response curves of eriocitrin and eriod-
ictyol for platelet 12-lipoxygenase. Activities
were assayed by measuring the formation
of 12-HETE from [1-14 C] arachidonic acid.
Values were the mean ± SE of four replica-
























0.01 0.1 1 10 100 1000
Fig. Ⅲ-8 Dose-response curves of eriocitrin and erio-
dictyol for platelet PMNL 5-lipoxygenase.
Activities were assayed by measuring the
formation of 5-HETE from [1-14C]arachidon-
ic acid. Values were the mean ± SE of four
replications. Symbols: ○, eriocitrin; ●, erio-
dictyol.







69.4a ± 1.6 
156.4 ± 4.0 
128.9 ± 2.0 
 
81.5 ± 1.9 
101.6 ± 1.9
81.0 ± 1.8 
205.8 ± 4.7 
109.7 ± 1.9 
 
37.9 ± 0.8 
71.8 ± 1.8
26.9 ± 0.4 
99.5 ± 1.9 
12.9 ± 0.2 
 
 39.9 ± 0.8 
41.5 ± 0.8
155.5 ± 3.9 
180.0 ± 4.2 
45.5 ± 0.7 
 


























Table Ⅲ-5 Concentration of ECR in selected fruit tissues
a Values were averages (mg/100 g fresh weight) of three replications. 




























a 供 試 材 料
p-coumaric acid（pCA），caffeic acid（CA），
ferulic acid（ FA），5 -O-caffeoyl-quinic acid
（ 5 CQA）はSigma Japanから購入した．3 -O-p-
coumaroylquinic acid（ 3 pCQA）， 3 -O-caf-
feoylquinic acid（ 3 CQA），3 -O-feruloylquinic
acid（ 3 FQA），4 -O-p-coumaroylquinic acid
（ 4 pCQA），4 -O-caffeoylquinic acid（ 4 CQA），
4 -O-feruloylquinic acid（ 4 FQA）は，タチバナ
（C. tachibana）由来精製品を国際農林水産業研究
センター沖縄支所の小川和紀博士より提供して頂い
た．3, 5 -O-dicaffeoylquinic acid（ 3, 5 DCQA）は



























4 pCQA，4 FQA は100μM以下では阻害活性をも
たなかった（図示なし）．一方，コーヒー酸との結
合体は結合部位により，異なる阻害活性を示した
















活性の強い順に M4F5CQ（IC 50：1 . 9μM ），
3,5DCQA（IC50：5.1μM），4 F 5 CQA（IC50：5.5
μM）であり，3, 5 DCQAと 4 F 5 CQAに有意差
は認められなかった．これらの阻害活性はCAなら
びにそのキナ酸との結合体よりもはるかに強い値で
あった．西沢らは4, 5 -O-dicaffeoylquinic acidおよ




































R1=H, R2=Feruloyl, R3=Caffeoyl, R4=H
Methyl-4-O-feruloyl-5-O-caffeoylquinate (M4F5CQ)
R1=H,R2=Feruloyl,R3=Caffeoyl,R4=CH3

























a 供 試 材 料
EDT，NER，HPT，homoeriodictyol（HED），
ならびにeriodictyol 7 -O-glucoside（E 7 G）はフナ
コシから購入した．
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Fig. Ⅲ-10 Dose-response curves of caffeic acid, p-
coumaric acid, and ferulic acid for platelet
12-lipoxygenase. Activities were assayed
by measuring the formation of 12-HETE
from [1-14 C]arachidonic acid. Values were
the mean ± SE of four replications. Sym-
bols: ○, CA; ●, pCA; □, FA.

























Fig. Ⅲ-12 Dose-response curves of caffeoylquinic
acid derivatives for platelet 12-lipoxyge-
nase. Activities were assayed by measur-
ing the formation of 12-HETE from [1-
14 C]arachidonic acid. Values were the
mean ± SE of four replications. Symbols:
○, M4F5CQ; ●, 4F5CQA; □, 3, 5DCQA.

























Fig. Ⅲ-11 Dose-response curves of caffeoylquinic acids
for platelet 12-lipoxygenase. Activities
were assayed by measuring the formation of
12-HETE from [1-14 C]arachidonic acid. Val-
ues were the mean±SE of four replications.






びMg2+を含むHank's balanced solution（NaCl, 8.0
ｇ/L；KCl, 0.4ｇ/L；glucose, 1.0ｇ/L；KH 2PO 4 ,
60㎎/L；Na 2HPO 4 , 47.5㎎/L, pH6.9）を用いた．













の水酸基にグルコース（ E 7 G ），ルチノース
（ECR），ならびにネオヘスペリドース（NER）が
結合したものを用いた．実験の結果，12-LOX阻害





3 '，および 4 '位の水酸基が必要であり，このよう
なものにfisetin（3, 7, 3', 4'-tetrahydroxyflavone）
（IC50：10-100 μM），myricetin （ 3, 5, 7, 3 ', 4 ', 5 '-
hexahydroxyf lavone ）（ IC50：1－10μM），
quercetin（ 3, 5, 7, 3 ', 4 '-pentahydroxyflavone）
（ IC50：1－10μM）を挙げた17）．しかし，EDT，
LTN（ 5, 7, 3 ', 4 ' -tetrahydroxyflavone）18），ならび




に共通する官能基は 5，3 '，および 4 'の水酸基であ














Fig. Ⅲ-13 Structures of EDT and structurally relat-
ed compounds.
Eriodictyol (EDT) : R=R1=R2=H
Homoeriodictyol (HED) : R=H, R1=CH3, R2=H
Hesperetin (HPT) : R=R1=H, R2=CH3
Eriodictyol 7-O-glucoside (E7G) : R=glucose, R1=R2=H
Eriocitrin (ECR) : R=rutinose, R1=R2=H


























Fig. Ⅲ-14 Dose-response curves of EDT and struc-
turally related compounds for platelet 12-
lipoxygenase. Activities were assayed by
measuring the formation of 12-HETE from
[1-14 C]arachidonic acid. Values were the
mean ± SE of four replications. Symbols:










s 白血球 5 -リポキシゲナーゼの阻害効果
阻害活性は強い順にEDT（ IC50：0.20μM），






5 -リポキシゲナーゼの阻害には 3，7，および 4 'の
水酸基が必要であった17）．このようなものにフラボ
ンとして，kaempferol（ 3, 5, 7, 4 ' -tetrahydrox-
yflavone），fisetin（ 3, 7, 3 ', 4 ' - tetrahydrox-
yflavone），morin（3, 5, 7, 2 ', 4 ' -pentahydrox-
yflavone），myricetin（3, 5, 7, 3 ', 4 ', 5 ' -hexahy-
droxy-flavone），およびquercetin（3, 5, 7, 3 ', 4 ' -
pentahydroxyflavone）があり，これらのIC50値は
0.1－1.0μMの範囲にあること，そしてフラバノン
としてtaxifolin（3, 5, 7, 3 ', 4 ' -pentahydroxyfla-
vanone）（IC50：1 μM）の例を挙げた．しかし，
EDTならびにLTN（ 5, 7, 3 ' , 4 ' -tetrahydrox-
yflavone）（IC50：0.1μM）18）は 5 -LOXに対する強
力な阻害効果を持つ．これらの事実から，3 'およ
び 4 位 に 水 酸 基 を も つ フ ラ ボ ノ イ ド か ，
kaempferol や morin等のようにカテコール基をも







































1000 10 100 1 0.01 0.01 0.001 
Fig. Ⅲ-15 Dose-response curves of EDT and struc-
turally related compounds for PMNL 5-
lipoxygenase. Activities were assayed by
measuring the formation of 5-HETE from [1-
14 C]arachidonic acid. Values were the mean
± SE of four replications. Symbols: ●, EDT;






















1000 10 100 
Concentration (μM)
1 
Fig. Ⅲ-16 Dose-response curves of EDT and its 7-O-
glycosides for 5-lipoxygenase in intact
PMNL. Activities were assayed by mea-
suring the formation of TXB2 from [1-14 C]
arachidonic acid. Values were the mean ±
SE of four replications. Symbols: ●, EDT;
















































































（Table Ⅱ- 7 ）．また，ポンカンのフラベドおよび
アルベド抽出成分は高い LOX 阻害効果をもつ
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Seikensya Co., Tokyo, Japan），ハンドプレス搾汁




圧搾の各方法で製造した（Fig. Ⅳ- 1 ）．インライン



























したジュースの一般的な品質をTable Ⅳ- 1 に示す．
可溶性固形物（Brix）をみると，HPおよびCPジ




















Peeling off Cut into halves 
In-line extractor 
 （8/64 inch） 
In-line extractor 









IL（5/64）juice IL（8/64）juice CP juice HP juice 





































































































































Table Ⅳ-1 Genaral quality characteristics of processed juices from Ponkan fruit
a -, not examined.


































a 供 試 材 料






Germany）カラム（250x 4.6㎜ i.d., 5 μm），β-
CRYの分離には，YMC Carotenoid S 5（Waters,





















































































mg/100 g fresh weight
























Table Ⅳ-2 Concentrations of PMFs in Ponkan fruit tissues
Values were the mean of four replications. Values in parentheses are standard deviations.
a tr, less than 0.01 mg/100g.
b nd, not detected.
mg/100 ml
















Table Ⅳ-3 Concentrations of PMFs in processed juices from ponkan fruit
Values were the mean of four replications. Values in parentheses are standard deviations. a tr, less than 0.01mg/100 g.


























た．搾汁工程におけるβ-CRYの濃度をFig. Ⅳ- 2 に
示す．CP ジュースの濃度が最も高く（ 0.66㎎





























































Crude extract Filtrate（0.5㎜） Juice sample
Fig. Ⅳ-2 β-CRY content of crude extracts, filtrates
(0.5mm), and final juice products of Ponkan
fruit. Symbols: , IL (5/64); , IL (8/64);












ては，阻害活性の強い順にIL（ 5 /64），IL（ 8 /64），
CP，HPサンプルの順であり，1,000µ/mLにおけ
る阻害率は，それぞれ39，29，15，0 %であった
（Fig. Ⅳ- 4 ）．IL（ 8 /64）よりもIL（ 5 /64）サン
プルの阻害活性が強かったが，抽出圧の違いによる
ものと推察された．フェニルプロパノイドのキナ酸






















































Fig. Ⅳ-3 Dose-response curves of the extract of
processed juices for platelet COX. Activi-
ties were assayed by measuring the forma-
tion of TXB2 from [1-14 C]arachidonic acid.
Values were the mean ± SE of four repli-
cations. Symbols: ○, IL (5/64); ●, IL (8/64);



























Fig. Ⅳ-4 Dose-response curves of the extract of
processed juices for platelet 12-LOX. Activi-
ties were assayed by measuring the forma-
tion of 12-HETE from [1-14 C]arachidonic
acid. Values were the mean ± SE of four
replications. Symbols: ○, IL (5/64); ●, IL











IL（ 8 /64），IL（ 5 /64），HPジュースが，それぞ
れ7.1，6.4，4.5%であった．また，HPジュースは精











































































Fig. Ⅳ-5 Dose-response curves of the extract of
processed juices for PMNL 5-LOX. Activi-
ties were assayed by measuring the forma-
tion of 5-HETE from [1-14 C]arachidonic acid.
Values were the mean ± SE of four repli-
cations. Symbols: ○, IL (5/64); ●, IL (8/64);































































































これらは 4 -O-feruloyl- 5 -O-caffeoylquinic acid























いてはさらに検討が必要である．一方，4 F 5 CQA





















多い順にCP，IL（ 8 /64），IL（ 5 /64），HPの順








はIL法と比較して，およそ 5～ 6 倍のPMFの抽出
効率であることが明らかになった．β-CRY含量は
CPジュースが100mL当たり0.66㎎と最も高く，続
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Citrus fruits are the most principal fruits cultivated in Japan but their yearly production and consumption
are decreasing in these days. Compounds occurring in citrus fruits such as flavonoid, carotenoid, coumarin,
terpenoid, and limonoid have been vigorously studied for their biological activities and many reports have
been published in recent years. The aim of the present work was to generate an increased commercial inter-
est in citrus fruits and expand their production in terms of biological compounds included in them.
In chapter 2, a quantification method of analyzing flavonoid constituents in citrus fruits was developed, and
the flavonoid compositions of 45 citrus fruits in different tissues were determined. Based on the flavonoid
compositions, discrimination of citrus species was investigated. Limonoids in the seeds of selected fruits were
also analyzed.
Firstly, high-performance liquid chromatography coupled with ultraviolet-visible spectrophotometry using a
photodiode array detector was developed as a method for the simultaneous separation and determination of
25 kinds of naturally occurring citrus flavonoids. The separation system consisted of a C18 reversed phase col-
umn, a gradient system of 0.01 M phosphoric acid (A) and methanol (B), and a photodiode array detector.
Each of the 25 flavonoids was eluted from the column with a gradient system composed of three periods; (1)
0-55 min, 70-55% (v/v) A in B, (2) 55-95 min, 55-0% A in B, (3) 95-100 min, isocratic, 100% B, and quantified by
spectrophotemetric detection at 285 nm. Identification of specific flavonoids was made by comparing their
retention times (tR) and UV spectra with those of authentic standards. The relative standard deviations of tR
values were 0.029-0.321%. The recoveries of flavonoids added to tissues were 97.47-103.03% from albedo and
96.87-104.93% from juice vesicle with standard deviations of 2.32-5.72% and 2.18-5.96%, respectively. 
Secondly, it was possible to discriminate the section of genus Citrus based on Tanaka's system by the inclu-
sion pattern of seven flavonoid constituents except for part of Aurantium and Limonellus group species. Prin-
cipal component analysis based on the composition showed that the scattered diagrams obtained from fruit
tissues had different separation conditions each other. Flavedo was suitable for discrimination of individual
species in Limonellus, Citrophorum, and Fortunella group, whereas albedo was so for those in Acrumen
group and segment membrane was for those in Cephacitrus group. Unfortunately, scattering in each diagram
didn't spread well enough to differentiate 45 species. One approach to solve this problem was to use data of
several tissues in judgment. Another approach was to carry out the analysis focusing a certain section to per-
form more precise discrimination; a section of a sample is known by its flavonoid composition. On the other
hand, the effect of the production area on the flavonoid compositions should be clarified in the future.
Thirdly, limonoids in the seeds of Iyo tangor (C. iyo hort. ex Tanaka), Shiikuwasha (C. depressa HAYATA),
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and Hanaju (C. hanaju hort. ex. Shirai) was examined. The composition and quantities of limonoids in Iyo seed
were similar to those of species in Acrumen group. Since Iyo has a large quantity of seeds as by-products,
this fruit was considered to be an effective source of limonin, nomilin, and obacunone. Both Shiikuwasha and
Hanaju seeds had larger amount of limonoid glucosides than aglycones. In the seeds of Shiikuwasha, 17-β-D-
glucopyranoside of nomilin occurred at 759 mg/100 g dry weight, and in that of Hanaju, 17-β-D-glucopyrano-
sides of deacetylnomilin and deacetylnomilinic acid did at 620 and 470 mg/100 g dry weight, respectively. As
these 17-β-D-glucopyranoside derivatives are not general in citrus species, detection of some biological activi-
ties unique to them might add values to them.
In chapter 3, inhibitory activities of citrus fruit constituent against platelet lipoxygenase, cyclooxygenase, as
well as polymorphonuclear leukocyte 5-lipoxygenase were studied.
Firstly, inhibitory activities of the albedo extract of 45 citrus species against rat platelet cyclooxygenase
and lipoxygenase were screened. Among the species investigated, the extract of Lumie (C. lumia) was shown
to possess the highest inhibitory activity against cyclooxygenase (IC50 : 24 μg/mL), and that of Shuto (C.
aurantium) was the highest against lipoxygenase (IC50 : 56 μg/mL). The albedo extracts of citrus classified in
the same taxonomic group appeared to have similar inhibitory activities toward these enzymes. The flavedo
extract of ripe Lumie inhibited cyclooxygenase to the same degree as the albedo, more than the pulp extract.
The flavedo, pulp, and juice extracts of ripe Ponkan (C. reticulata) also inhibited lipoxygenase in addition to
the albedo extract. Both the flavedo and albedo tissues were shown to be abundant in inhibitory compounds
against cyclooxygenase and lipoxygenase.
Secondly, an activity-guided separation for inhibitors of rat platelet lipoxygenase was carried out. This
approach led to the isolation of two compounds, 4-O-feruloyl-5-O- caffeoylquinic acid (IC50 : 5.5 μM) and
methyl 4-O-feruloyl-5-O-caffeoylquinate (IC50 : 1.9 μM) from the peel of Ponkan fruit, and eriocitrin (IC50 : 22.3
μM) from Lumie fruit. Their structures were determined by NMR and MS spectroscopic and sugar analyses.
These compounds also had inhibitory activities toward rat polymorphonuclear leukocyte 5-lipoxygenase. The
IC50 values were calculated to be 2.67, 0.70, and 29.1 μM for 4-O-feruloyl-5-O-caffeoylquinic acid, methyl 4-O-
feruloyl-5-O-caffeoylquinate, and eriocitrin, respectively. Although eriocitrin had lower activities to these
enzymes, its aglycone had much stronger inhibitory activities; the IC50 values were 0.07 and 0.20 μM for 12-
and 5-lipoxygenase, respectively.
Thirdly, the inhibitory activities of chlorogenic acid and eriodictyol derivatives were studied to clarify a
structure-activity relationship of these structures toward platelet lipoxygenase. Concerning chlorogenic acid
derivatives, following evidence was known; 1) catechol residue was indispensable to exhibit the inhibitory
activity, 2) binding of caffeic acid with quinic acid results in the loss of inhibitory activity, 3) the rate of loss
differs with binding position, and 4) binding of caffeic acid and another cinnamic acid derivative with quinic
acid leads to the gain of potent inhibitory activity. Also, the presence of catechol group on B ring in eriodicty-
ol derivatives was necessary. In this structure, sugar moiety caused the loss of the activity and dimer of
sugar subjected to the lower activity than that of monomer. In case of the inhibition for 5-lipoxygenase in
intact polymorphonuclear leukocyte, only eriodictyol had the inhibitory activity (IC50 : 12.7 μM) among chloro-
genic acid derivatives and eriodictyol derivatives, suggesting that hydrophilic moieties such as sugar and
quinic acid could be an obstacle to the permeation through the cell membrane.
In chapter 4, effects of extraction methods on the concentrations of selected bioactive compounds in
Ponkan juice were investigated. Ponkan fruit was processed by either in-line (5/64 and 8/64 inch), chopper
pulper, or hand-press extractions. Concentrations of polymethoxylated flavones (tangeretin, nobiletin, and
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sinensetin) and β-cryptoxanthin in juice, and inhibitory activities against arachidonate cyclooxygenase and
lipoxygenases of the juice extract were analyzed. The juice processed by hand-press extraction contained the
largest amounts of nobiletin (3.56 mg/100 mL), tangeretin (4.10 mg/100 mL), and sinensetin (0.13 mg/100 mL).
The concentrations of β-cryptoxanthin were 0.66, 0.59, 0.55, and 0.50 mg/100 mL, in chopper pulper, in-line
(5/64 inch), in-line (8/64 inch) and hand-press juices, respectively. Both extracts of in-line juices showed
greater inhibitory activity toward platelet 12-lipoxygenase than the others. The inhibitory effect of hand-press
juice extract on platelet cyclooxygenase activity was remarkable among the juice extracts. All juice extracts
effectively inhibited polymorphonuclear 5-lipoxygenase activity to nearly the same extent.
